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ABSTRACT

Double-charge-exchange reactiono induced bypiono areshown to furnish a
direct means ofdetecting nuclmn-nuclmn correlations in nuclei. Forthepurtic-
ular cMe of double ieobarii analog transitions the etiect of correlations is eaaily
isolated and quite strong. Examination of the properties of the poeition cor-
relation implicit in the nuclear sheU model provides an explanation of several
experimentally observed features of double-charge-exchange reactione, includ-
ing in particular, their dependence on the number of valence neutrons present.
An explicit demonstration of the role played by nucleon-nucleon correlation
is presented for the double-charge-exchange cross-sections of the isotopes 42Ca,
44Cn and 4aCa, recently measured at LAMPF. Our analysis explains why tlw
cross oection tor the double-charge-exchange reaction on 4eCa, in which 28 neu-
tron pairs participate, is comparable and indeed omdler than the corresponding

4aCa with its single valence neutron pair.cross-section for It also predicts the
variation of ~ngular distributions over the family of isotopes.

t Presented at the Workshop cm “ Pion-Nucleus Physics: Future Directions
and New Facilities at LA MPF”, August 1987, L-OSAlamos NationaJ Laboratory,
NM
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INTRODUCTION

Although the existence of position correlations between nuclear particles is an
essential pftrt of most models of the nucleus, the experimental attempts to iso-
late their signatures have had a ratiler frustrating history. Other effects tendal
to dominate them quantitatively, and usually those effects have been too poorly
defined to be separable in any practical way. Double scattering amplitudes, for
example, are sensitive to correlations, but cannot easily be separated from the
typically much larger amplitudes for single scattering. Pion absorption processes
are certainly sensitive to correlation effects but their mechanisms and the nunl-
ber of nucleons involved is not yet well determined. Double-charge-exchange
processes of pions in nuclei, however, do not suffer from these drawbacks; they
have a cleaner mechanism and ~an be described by a double-collision amplitude
t!lat is not hidden by any interfering single-collision amplitude. In particular
those double charge exchanges that take place between isobaric analog states
arc quit? similur to elastic double scattering processes, and can thus be analyzed
in considerable detail. This ie particularly the case for low energy reactions, e.
g. for pion kinetic energies R 35- 50 MeV, since the TN interaction is relatively
weak at these energies, Indeed, an approach based on the lowest (oecond ) or-
der term in the coherent multiple-scattering expansion wau shown recentlyl to
describe such processes quite accurately. The analysia of ref. 1 focused on the
double-charge-exchange process at 50 MeV in “C, a target nucleus with two
valence neutron~ that the reaction transforms into protons, The rnagnit ude r ii~

the shape of the differential cross-section were found to be quite responsive to
the position correlations of these two valence neutrono.

The purpose of this paper is to describe a generalization of the appronch
of ref. 1, which will enable us to deticribe double-charge-exchange reactions
on targets with more than two valence neutrcm. our work hu been largely

z ‘I 4 of differential cross-sections forstimulated by the recent meaauremente ‘
double isobaric nnalog traneitiom in the calcium isotopes 4aC’a, 44Ca, and 4*C’a.
The measurement: have preoented an interesting puzzle in the smallness of the

!n]agnit udes of the differential cross-section for ‘ C’a relative to that for 43Ck.
These experimental results permit us now to give a much more (Jetailecl and
explicit demonstration of the role played by nucleon-nucleon co~relationo. The
results of our analysis described in this presentation have also been reported
earlier. s’ e

TRANSITION AMPLITUDE
FOR DOUBLE-CHARGE-EXCHANGE REACTION

The charge-exchange processes we study are induced by pooitiv~ pions i:lci.
drIIton the nucleuo (N, Z ) and lead to the isobaric analog otate in the nucleus
(IV -2, Z + 2), Such analog-etate transitions are essentially elastic, The nucleon
isospins are ein]ply rotated, whiIe the configuration-space and spin wave fui~c-
timln of the nucleono undergo no change, The uucleue (N, Z ) will be pictured M
consiatiug of a cloced-ehell core plus N – Z valence neutrons, At the low ●nergy
of 35 MeV the nucleue is fairly transparent to piolio, We have show~l il. our



study’ of double charge exchange in 14C at the somewhat higher energy of 50
MeV that no appreciable error is introduced by using the second-order inlpulse
bpproxhnatiou to describe the double-collision process, At 35 McV that ap-
proximation should be comparably good and the integrated background effects
d nuclear elastic scattering and absorption small .1 Within this approximation
double charge exchange is simply a sequence of two single exchaliges. In tl]e
double analog transition neither of these exchanges can take place on nucleom
in the nuc]enr core since such processes lead to final states outside the isobaric
nlultiplet. The nuclear core therefore plays a passive role, and the matrix ele-
ment of the 7r+ + r- process can be expressed simply an a sum of contributions
of pairs of valence nucleons.

Our expression for the transition amplitud~ for the double-charge-exchange
reaction n+ (N – 2, Z + 2,0+) ~ no (IV, Z, 0+ ) in the second-order i]~.pulse ap-
proximation is given by the matrix element

F~cX(Q) = (T-(JV -2,2+2,0+) I ‘~zT(Q, r~, r,,) I m+(N, Z,O+)) , (1)
m+m

where T are appropriate transition operators dependent on the coordinates,
spins, and isospinn of two nuclecms, Q = kf – ki is the momentum transferred by
the pions, ki and kl being the incident and s~attered pion momenta respectively.

The transition operator T for the pair of nuclecms located at rm and rm
exprmsed in terms of the spin dependent charge-exchange amplitude of the n-th
nucleon a by F’n(kf, ki), can be written u

T(Q, r~, r.) = -~
!

(F'~(ktl P) G(p) F'm(P, ki)+Fm(kfj P) G(p) F'~(Plki)]dP.

(2)

The integration v~riable p is the momentum of the neutral pion in its states
that intervene between the two collisions to the other, and

G(p) = (ka -pa + ic)-~ (3)

is the complex pion propagator. We note that the transition amplitudes in the
●xpression (2) have been summed over all possible intermediate nuclear states
by means of the closure approximation. Had we restricted the summation to
the intermediate analog state, we would, in fact, have excluded altogether the
possibility of treating correlations. ‘ It may be worth pausing for a moment to
en]phm4ize that point,

There is a rather appealing but flawed argument sometimes given to support
the contrary idea - that for the double analog transitions we are roneiclering, the
only iliterln~diate state that contributes to the observed amplitude is the analog
stmte itself, It may be useful to diacum that argument M a cautionary example.
The ar~unlmlt maintains that neither of the two charge-exchanging collisions of
the piol~ CaIIin my way alter the space or spin states of ●ither of the two struck
Iwutrons.’rhat should be true becauBe the final nuclear date, M nn analog of the
initiaJ state, n~u~t have a apace-spin wave function identical to the original one.
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Furthermore, since the individual collisions take place with different neutro:ls,
if ●ither neutron wave were changed in ●ither of the two steps of the collision
process, there is Iic) way in which that change could be rcversecl in the other step;
the final state would necessarily lie outside the original isospin multiplet, But
then if neither struck neutron can change its space-spin state, the intermediate
state must also belong to the same isospin multiplet, and no contribution to the
process would seem to come from any of the other possible intermediate states.
What, now, is wrong with this picture?

The problem i~ a fairly fundamental one. The argurnelit we’ve just notwi
aasumee a bit too loosely thrd there is such a thing as the state of each neutron.
If we were entitled to use an independent particle model of the nucleus, and
could use a product wave function to represent it, then the individual states the
argument refers to would be definable, and the intermediate analog state would
inchmd be the only one to contribute. But in a system containing nucleon-nucleon
correlations the argument breaks down. If the collbion of a pion with one of two
correlated nucleone alters the wave function of one of them, it inevitably alters
the wave function of both. That fact breaches the constraint noted earlier.
The identity of the initial and final nuclear statea no longer implies that the
intermediate state must be the same.

The operative principle, in effect, is the same M that underlying the clMsic
quantum mechanical paradox of Einstein, Podolsky, and Rooen.7 When particles
are in a correlated state, their states can no longer be discumecl individually.
Making a measurement on one inevitably influences the +h~.:, wherever it may
be, miles away or just elsewhere in the same nucleus.

The amplitude Fm that dsscribea an individual charge-exchange process on
the n-th nucleon contains the familiar retardation phaae factor ei(~-p’)”r’. It
dso depends upon the nucleon spin &~, its isospin Fn and the pion isospin TW.
[t cau be written as

F’~(p’ ,p) = (Fn “Tw)e’(p-p’)”rh J#~(p’ ,p),

JWm(p’,p)= [f(p’, p)+i~m”(p x p’)g(p’, p)]h(p’, p). (4)

Ill the latter expremion ~(p’, p) and g(p’, p) are the spin-independent and
spin-flip charge-exchange amplitudes, respectively. The function h(p’, p) ‘ep-
r~sents the off-mam-shdl fornl factor, We shall amume for it, u in our previous
analysie’ , the frequently used expression

h(p, k) =
A= + ky

h(k, p) = Al +Pa ‘ (5)

where k =1 kt 1, and the parameter A may be interpreted aa the reciprocal of its
range of the RN interaction, The presence of such a form factor prevents the
scattering amphtude (4) from having an unphysical aud even divergent behavior
for Ierge valueo of piun momenta.

4



Another,
the matrix
defining an

equivalent, way of incorporating the the ●ffect of form factor (5) in
element (2) is to combine it with the free-pion propagator (3) by
effective propagator

G(p) = G(p)h?(p, k) ,

which has the following form in the configuration space

(6)

!:2 + AZ
+—

12Ar’
(7)

while G(r) is simply the first of these terms. The propagators G(r) am-l ~(r)

behave differently only for r ~ O, where C’(r) becomes infinite while ~(r) tends
to a finite value. In this respect the effective propagator 6 can be thought of
as an averaged propagator for finite-sized particles. The r dependence of the
propagator plays an important role in the matrix element (2); it emphasizes
strongly configurations in which the two neutrons are close together. The effec-
tive propagator d(r) weakens that emphasis to a degree, but still provides that
double charge exchange is moat probable when the separations are small.

Fly evaluating the inospin matrix elements and by summing terms involving
all the contributing pairs of nucleons, we obtain the following expression for the
double-charge-exchange amplitude

~~cx(Q) = @J~-Z)(N– Z–1)J14W., (Q), (8)

where M ~., (Q) is the double-charge-exchange amplitude on one arbitrarily
chosen pair, of neutrons, say 1 and 2,

Jfr./., (Q) = -+(L..)N-z I I
eiq1’r’+iqa’r2[ Afl(kt, p) G(p) Af2(p, ki)+

+ i’W2(kf, p) G(p) A41(p, ki)] dp I 1,..., ~ – Z), (9)

nnd ql = p – ki RIId qa = kf - p me the momenta transferred to the pion i:l
its succesive coltisiono with two ileutrons.

The square of the matrix element (8) contains M a factor the totnl number of
valence neutron pairs, While that number increaseO, for ●xample, from 1 to 20

4’Ca to 48Ca, it would be quite erroneous toin the svquence of isotcpes from
as. sun]ethat the crone section for double-charge-exchange increrues in any similar
way, In fact the ●ffect of nucleon-nucleon correlations, as we AaU show, is to
Illake the matrix element M ~-#(Q) decrease in morlulum, so that the double-
cl~mgc-exchange cross-section actually decreases in magnitude m N - Z increMes
within a given nuclear she~.

5



It is clear from the structure of Eq. (9) that the dependence of MN. ~ (Q) on
the nuclear wave functions enters the calculation through the two- particle form
factor

sN-s(%!q2)=(l ,..., N - Z I ~iqlorl+iq2r2 ( 1,..., N -z)

J
~iqt.rt+iqz.rl (2)= pN-, (r~, r2)drldr2 , (lo)

where pf!, (rl, rz ) is the tw~particle density of the valence neutrons in the

iuitial ground state. The wave functiou also enters Eq. (8) through an analogous
spin-dependent form factor

s~pj~(c!l,q2) = (l...,z-z I ~l-(kixp)F~.(pXkf )Giql”r’+iq”r2 I 1,..., IZ),),
(11)

that describes double-spin-flip procemeo. The role of these spin-flip transitions in
the double-charge-exchange process, although quantitatively significant, seems
not to be aa important aa the effect clf spatial correlation in explaining the
general behavior of the observed cross-sections. We shall therefore forego the
spin-dependent terms explicitly in the present discussion and shall concentrate
inotcad on the effect- of spatial correlation, but we do this with the underetancl-
ing that the results we s ate for our detailed calculations nonetheless include all
effects of spin dependence.

[f there were no correlations among the valence neutrons, the two-particle den-
sity py?” (rl, r~ ) would factorize into the product p(rl )p(r2 ) of the two single-
particle densities, and in that cue, = we hnve shown in ref. 1, the only inter-
mediate nuclear state that would then contribute to the double-charge-exchange
process would be the isobaric andog state. We are assuming, on the contrary,
that correlations are present and have therefore gummed over d] accessible inter-
mediate states,
Inore explicitly

both andog and non-analog. To express the effect of correlation
we introduce the correlation function

cM., (n, r2) = p~j,(rl,n) -P(~I)P(h), (12)

which permits us to write the form factor ( 10) ao the sum of two terms,

SM. S(WIW) J
= SO(q1)S0(q2) + eiql’rl+iq’”rlCN -,(rl, r~)drldrz. (13)

where

so(q)=
1

eiq’rp(r)cfr (14)

is the ~ingle-particle form factor, The first of the terms in Eq,( 13) is aaoociataf
with tran~itions that take place through the analog state; the two single-particle
form factors it containo tend to be strongly puaked in the forwsrd direction.
The second term, which ●xpreaoes the effect of correlations, is aaoociated with
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transitions that take place only through the non-analog states and vanishes for
ql =Oorq2= O. These two terms then will lead, in general, to transition
amplitude having different angular dependence.

SHELL-MODEL CORRELATION EFFECTS
IN DOUBLE-CHARGE-EXCHANGE REACTIONS

In the fol~owing discussion we examine the effects of the primary sources of
the correlations of positions and spins of the valence neutrons which follow from
the constraints implicit in nuclear shell structure.

The constraint that the angular momenta of the valence nucleons must sum to
zero leads to particularly strong spatial correlation for a single pair, N – Z = 2.
Additional neutron pairs added to the valence shell tend furthermore to have
angular monmnta coupled to zero as well. We have applied these constraints,
together With the requirement of antisymmetry, to the wave functions for the
shell of j = 1 + ~ orbitals. The single-particle density p(r) that results is just
the squared radial wave functioli for the .sheU and is spherically symmetric. The
correlation function, on the other hand, for N ~- Z even, is

CN-, (r, r’) = ICN_,
(

P(r)P(r’) (~+ l)[PI(F “F)]a + * [(w. i’)]’ - I
)

1

where the constant KN s is given by

~j+3-2(N -Z)
K
“-’= (2j-l)(Af-z-l)’

and P1 and P} are the normal and amociated Legendre
We note that CM-, hae the same shape for all values

(15)

(16)

functions resp~ct ively,
ofN- 2 within the

“= 1 + ~ shell. The coefficient RM ,1 evidently governs the magnitude and sign

of the correlation effect. [n particular, for a filled shell with N - Z ~ 00, we
have

(17)

which ●xpresses the correlation characteristic of a Fermi gas,
The complete expression for the spin-independent form factor ( 10) that cor-

responds to the correlation function (15) is

sN-#(ql?qJ) = So-so + KN_,~ ~,sL(W)sL(f7a)pL(@ ‘k), (18)

L+o

where

s,(q) =
/

drr2jL(qr)R~i(r) (19)

is the form factor aaoociatecl with the intmnledi~te nllclear st~te with angu-
lar munlcntum L, jL is a opherical Bessel function, and RnI the radial wave

7



functiong corresponding to
1 and

aL = (2j

principal quantum

[{
+1)(21+1)2 1.

)

number n and orbital momentum

(20)

given it terms of the Wigner 6-j symbol and the C!lebsch-Gordon coefficient, We
do not present here the lengthi& expression for the spin-dependent form factor.
We may uote, however, that it contains no contribution from the uncorrelatect
part of the two-particle density. In effect, the double-spin-flip transitions take
place on!y on correlated pairs.

In the course of the double-charge-exchange process a neutral pion must prop-
agate from one of a pair of participating neutrone to the other. Its propagator
provides a weighting in the integrand of Eq. (9) that is naturally greatest when
the two neutrons have small separation. It is that tendency of the process Lo
favor configurations in which the valence neutrons are close together that gives
particular emphaais to the effects of spatial correlation. 1

SHELL-MODEL CORRELATION EFFECTS IN CALCIUM ISOTOPES

A very instructive insight into the role played by correlations in the transi-
tion amplitudes present in the multiple scattering expansion can be gained by
●xamining how the correlations tiect the distribution of the relative coordinate
of two nucleons cm which the reaction takes place. Such a densiry distribution
- separation density function has been used, in fact, in our previous detailed
analysis of correlation Meets in high energy hadron-nucleus :eactions, 10 We
note, that, the separation density of present interest is that of the valence neu-
trons only, and it is, in general quite different from that of all nucleon ptirm. In
fact, the correlation ●ffects in the valence neutron shell, to which the double,
charge-exchange reactions are sensitive to, are different and quantitatively more
important than those affecting the elastic double. collision amplitude.

The separation density of the valence neutrons is

J
1.

P,ep(r) = P:!, (R+ irtR– :r)~ = —
I

~2m), e-’q”’S Ff., (q)-qkfq . (21}/

It is this function, weighted with the spatial pion propagator and its deriva-
tives, and integrated over r, that governs the magnitude of the forward values
(Q = O) of the doulde-chmrge-exchange cross section.

We have used a set of harrnonic-oscillator-baaed wave functions for the ~f

shelle to evaluate the separation dmsities for the valence neutrons of the cml-
ciul]i isotopes of even A. The results, which are shown in Fig. 1, illustrate a
strong tendency for the two valence neutrons of 42Ca to lie close together and
m progressive weakening of the teudency as further neutron pairs are added to
the same shell,

8



l’lIe dotted curve in Fig, 1 represents tile separation density with the corre-

Intion term omitted and is the same for FIII follr isotopm. The c?ntral VRIUCSof
the separation density exceed the uncorrelatecl value for 42Ca and 44Ca and are
snlaller than that value for 40Ca and 48Ca. Indeed, sil~ce

p,.,(o)=(1 + lK ~., )/ P2(R)dR ,

the central values of P,*P are in the ratios

P::;a(w‘ P:::a(o): i::”(o) :P::;a(o)= 1:$: j : # ,

(22)

(23)

and the uncorrelated value is ~ on the same scale.

010 \ > I I I I

I \ \
/%4-)

— tifm~

-- mccdgl.mtkm

0.03- --- mmnwutms

0.04-

‘CAk —

0.(2 - “ ------ ------ ~--

k

%& ‘
o.(x) I r I I

2ti 310 4

Fig. 1. The aepmdion den~itieu for 42Ca, 44Ca,4’Ca and 4’Ga (solid lines).
The clotted curve is the separation density with the correlation function C. -,
set equal to zero. The duhd curve corresponds to ● configuration-mixed rep-
reoelltation of 42Ca noted in the text.

The strong inmwwe of the dueu of the separation density of valence neutrons
in 42Ca for omdl r results from luge amount of overlap present in the spherically
symmetric stmte of ● pur of valence neutrons, Such an enhancement is coumIoLI
to other nuclei Iiaviug two valence neutron-; we find it,however, to be weaker
for lighter nuc]ei. As an example illustrating

f
this effect, we present, in Fig.

2, the graphs of the separation denritiea for ‘C obtainert with the correlated
and uncorrelated two-ueutron wave functions that are implicit in our previous
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ana]Y~i~.l H?re the ratio of the central value of the separation densities to t]ls

correspondil:g uncorrelated value is ap roxime,tely N 2, which is sigl~ificallt~y
Ysll]aller thali tile value ~ 7, we find for 2Ca.

Tl~e fact that the double-charge-exchange cross sections are proportional,

roughly speaking, to the squares of the values of the separation density, shows
I)ow dramatically the correlations affect the cross sections. If we take these rn-
tiog M a guide, we find the double-charge-exchange crods section for the single
va.knee pair ill 42Ca to be SOIIIe 49 ti]nes larger than that for any given pair
in 48Cn. The correlation effect in 4zCa is thus so strong that its single pair

yields a double-charge-exchange cross section significantly larger than the 28
pairs present in 4bCa.

OJO~ - I I I I I
I ‘-.

O.oa-
PA)

— h.m~ahell

14c -- mkiconrigum.uom
O.(X3- --- NOCmTebbOna

1
---------

0.04 ----------------

0D2

0.00/ I
I 1 i I

o 1
2& ‘

4 5

Fig. 2. Seprwation deneitiea for valence neutrons in “C. The solid lines
corresponds to the conllgurmtion- mixed representation of the two-neutron wave
functional ] The dashed curve represents the aepamtion density obtained with
the product of two p3/2single particle ware functions, i.e. with the correlation
function set equal to zero.

[II more accurate termo, the cross-sections are rletermind by the shapea M
well M the central valuea of the separation density curves. The rliKerentiaI

cross mctious we h~ve calculated by taking the momentum dependence of the
mfV charg~-exchange amplituda, together with their full spin dependence, into
accouut and carrying out the integrations numerically are shown for the Ca
isotopeo at 35 MeV in Fig, 2. In this calcuhtions the mN charge-exchange

10



scattering amplitudes entering in (4) have been parameterized in the familiar

!orm

}(P’)P) =a+~(p’ p),

9( P’, P) = c . (24)

The coefficients a, 4, and c appearing in the above formulu can obtained from
tile phase shift analysis of nN scattering. ~2Tl]e actual values of the para]l~eters

b and c, that our calculation ww based on are identical to those following fron~

ref. 12. The red pmt of the parameter a IIu been adjusted, similarly u in the
analysis reported in ref. 1, by increming it by 18% .

l’he double-clmrge-exchange cross-sections differ not only in their magnitudes,
~$ut ill their angulmr dependence M well. The croomection for 42Ca is strongly
iorward-peaked and adchg neutron pairs to the wdence shell flattens it appre-
ciably

4

t“’’”

I

Tm=35 Mev
-. T

Fig, 3. Comparison between the thmretica.l!v predicted differential crcms-
sections and the experimental d~ta for the reactions w+ ‘CS(O+ ) - fi - ‘Ti(O+ ),
for A=42, 44 ud 48, at 35 MeV. The data at 30” are from ref. 3, and those at
40° follow from ref. 4.

The reaxm for thic beharior is thrnt the ●ngular di~!ribution contributed by
any neutron pair (m, n) is governed, roughly opeaking, by the function

(25)
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representing the square of the form factor for the ~istr]butioll

1

1
Pr, n(R) = PV!, (R+ $r,R– ~r)~r= —

1

IQR
~2m)3 e- $ A;Q,+WQ ,

0[ its ccntroicll
R= ~(rm+

When the members of the pair arc cloecly

of tile centroicl in similar to the distribution

It cxtcndo to large radii and conoequcntly

(26)

‘n). (27)

4Zca, the c!istributionspacccl, an in
of the valence neutrons tl~c[nselveo.

haa a oharply peaked fornl factor.

For 4eCa, on the other baud, the mernbcro of tbc vnlence pairs arc gcllcrally
much further apart. The distribution of their centroido tendo therefore to be
col~ccntrated at nma.!ler radii, and itn fort-t] factor to bc much lees otrongly peaked,

III tile foregoing calculatjone we have used pure ~; wave fullctiol~n to deocribe

the gro{lnd ntateo of the Ca ieotopeu. Ally configuration mixing preocnt in tllcse
otatce nlay almo aflect the double-charge-exchange cross-sections, l~owcver, by
cl]ang-iag both the correlated and uncorrclated parts of the two-particle density.

in order to vcnfy the quantitative importance of the configuration n~ixillg
42Ca we have carried out a oalnplein the double-charge-exchange reaction in

calculatiol~ for a lnixcd representation or tl]c ground otate of 42Ca Ill this
calculation, we liave aaoumcd, the two neutron state to have 970 of the (pi )2

colltigura!ion nncl 9170 of (~; )2 con figuration .13

An is cviclent from the results preoented in Fig. 1, the configuration mixing

trlld~ LO incr~ue the valueo of the oeparatiol~ denoity for sl]lall dist~l~ces bctwcel~
tl~c valcncc neutrons. It nlao rcoults in an enhanccn~cnt of the ctifferentid croeo

occtioll, Been in Fig 3. The two meuurcmente that have recelltl been reporteds”
at 30° nnd 400 for the reaction R ‘4z Ca(()+) + ~-+] 1Ti(O ), are conmietel~t
wi!llin tile ntatcd errors with the prediction based on the c~l~figuratioll-ntixecl

wave function TIIC ]]]cuurcment$ thnt h~ been made at 40” for the reaction
~+ 4°~’a((j+) - ~ - 4oTi(O+) agrceo with tile calculation baued on the pure /;

va!cnce Ilcutron wave functions. The pure / prediction for the differential croos -

occtiol~ [or the reaction n+ 44Ca(O+) --J fi - i 4Ti(O+) at 40° undcrcstilllates only
slightly its experilnenta.1 value,’

Thcoc n]c~urenlcnto thus reprecent clear evidence for the detection of corre-
lation cffcctn in the valence nbei.i.
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